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ULTRA HIGH VOLTAGE MOS TRANSISTOR 
DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation application of US. application Ser. 
No. 11/162,491 ?led Sep. 13, 2005. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to ultra high voltage semi 
conductor devices and, more particularly, to an ultra high 
voltage MOS transistor capable of alleviating or eliminating 
high vertical electric ?eld effect caused by the gate edge, and 
being compatible With loW-voltage device. 

2. Description of the Prior Art 

High voltage or ultra high voltage metal-oxide-semicon 
ductor (MOS) transistor devices are knoWn in the art. Ordi 
narily, an ultra high voltage MOS transistor device can sustain 
a drain voltage of several hundreds or thousands volts. FIG. 1 
schematically illustrates a cross-sectional vieW of a prior art 
ultra high voltage NMOS transistor device. The prior art ultra 
high voltage NMOS transistor device 1 is fabricated on an 
active area of a semiconductor substrate 10 such as a P type 
silicon substrate. The active area is de?ned With a peripheral 
?eld oxide layer 44. The ultra high voltage NMOS transistor 
device 1 comprises a heavily N doped source 14, a gate 50 and 
a heavily N doped drain 24. The heavily N doped source 14 
borders upon a heavily P doped region 16, both of Which are 
formed Within a P Well 12. The distance betWeen the drain 24 
and the source 14 may be feW micrometers. As shoWn in FIG. 
1, the heavily N doped drain 24 is formed Within a grade N 
Well 22 that is formed Within a deep N Well 30. 

A gate oxide ?lm 46 is formed on the heavily N doped 
source 14. The gate 50 is formed on the gate oxide ?lm 46 and 
laterally extends over a ?eld oxide layer 42 that is formed on 
the semiconductor substrate 10 betWeen the source 14 and 
drain 24. A plurality of ?oating ?eld plates 52 are disposed on 
the ?eld oxide layer 42 betWeen the gate 50 and the drain 24. 
These electrically ?oating ?eld plates 52 are used to disturb 
lateral electric ?eld When this ultra high voltage MOS device 
is in operation. Like the peripheral ?eld oxide layer 44, the 
?eld oxide layer 42 is formed using conventional local oxi 
dation of silicon (LOCOS) technique. To prevent breakdown 
of the MOS device operated at a high voltage ranging betWeen 
hundreds and thousands volts, a very thick ?eld oxide layer 42 
having a thickness t of at least 10,000 angstroms is required. 
It is evident that When the thickness t of the ?eld oxide layer 
42 is greater than 10,000 angstroms, the high vertical electric 
?eld caused by the sharp loWer gate edge 70 can be signi? 
cantly reduced. 

HoWever, it is problematic to form such thick ?eld oxide 
layer 42 because it takes extra time. The Wafers Will have to 
stay in the furnace longer, and this means reduced throughput. 
Further, a thicker ?eld oxide layer also leads to severer bird’ s 
beak effect on the loW-voltage device area, and thus consum 
ing more valuable chip surface area. Therefore, there is a need 
in this industry to provide an improved ultra high voltage 
MOS transistor device that is compatible With loW voltage 
device having ?eld oxide thickness of about 5,000-6,000 
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2 
angstroms and, on the other hand, the ultra high voltage MOS 
transistor device is capable of solving high vertical electric 
?eld caused by the gate edge. 

SUMMARY OF THE INVENTION 

It is the primary object of the present invention to provide 
an improved ultra high voltage MOS transistor device that is 
compatible With loW voltage devices, and such ultra high 
voltage MOS transistor device is capable of solving high 
vertical electric ?eld caused by the gate edge. 

According to the claimed invention, an ultra high voltage 
metal-oxide-semiconductor (MOS) transistor device is dis 
closed. The ultra high voltage MOS transistor device includes 
a substrate of a ?rst conductivity type; a source region of a 
second conductivity type formed in the substrate; a ?rst dop 
ing region of the ?rst conductivity type formed in the sub 
strate and bordering upon the source region; a ?rst ion Well of 
the ?rst conductivity type encompassing the source region 
and the ?rst doping region; a gate oxide layer formed on the 
source region and on the ?rst ion Well; a ?eld oxide layer 
connected With the gate oxide layer and formed on a semi 
conductor region; a dielectric layer stacked on the ?eld oxide 
layer; a drain region of the second conductivity type formed at 
one side of the ?eld oxide layer and being spaced apart from 
the source region; a second ion Well of the second conductiv 
ity type encompassing the drain region; and a gate disposed 
on the gate oxide layer and laterally extending to the ?eld 
oxide layer and onto the dielectric layer. 
From one aspect of this invention, the ultra high voltage 

MOS transistor device includes an epitaxial layer; a ?rst ion 
Well of a ?rst conductivity type formed in the epitaxial layer; 
a source region of a second conductivity type formed in the 
?rst ion Well; a ?rst doping region of the ?rst conductivity 
type formed in the ?rst ion Well and bordering upon the source 
region; a gate oxide layer formed on the source region and on 
the ?rst ion Well; a second ion Well of the second conductivity 
type formed in the epitaxial layer; a drain region of the second 
conductivity type formed in the second ion Well; a ?eld oxide 
layer connected With the gate oxide layer and being formed on 
the epitaxial layer betWeen the ?rst ion Well and the drain 
region; a dielectric layer stacked on the ?eld oxide layer; and 
a gate disposed on the gate oxide layer and laterally extending 
to the ?eld oxide layer and onto the dielectric layer. 

These and other objectives of the present invention Will no 
doubt become obvious to those of ordinary skill in the art after 
reading the folloWing detailed description of the preferred 
embodiment that is illustrated in the various ?gures and draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a cross-sectional vieW of a 
prior art ultra high voltage NMOS transistor device. 

FIG. 2 is a schematic cross-sectional diagram illustrating 
an ultra high voltage NMOS transistor device in accordance 
With one preferred embodiment of this invention. 

FIG. 3 is a schematic cross-sectional diagram illustrating 
an ultra high voltage NMOS transistor device in accordance 
With another preferred embodiment of this invention. 

FIG. 4 is a schematic cross-sectional diagram illustrating 
an ultra high voltage NMOS transistor device in accordance 
With still another preferred embodiment of this invention. 

DETAILED DESCRIPTION 

FIG. 2 is a schematic cross-sectional diagram illustrating 
an ultra high voltage NMOS transistor device in accordance 
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With one preferred embodiment of this invention. It is under 
stood that the polarities shoWn in ?gures are exemplary, and 
suitable modi?cation of the polarities can be made to form an 
ultra high voltage PMOS transistor device. 

According to the preferred embodiment, the ultra high 
NMOS transistor device 100 is formed on an active area of a 
semiconductor substrate 10 such as a P type silicon substrate. 
The active area is de?ned and isolated With a peripheral ?eld 
oxide layer 44. Likewise, the ultra high NMOS transistor 
device 100 comprises a heavily N doped source 14, a gate 50 
and a heavily N doped drain 24. The heavily N doped source 
14 borders upon a heavily P doped region 16, both of Which 
are formed Within a P Well 12. The distance betWeen the drain 
24 and the source 14 may be feW micrometers. The heavily N 
doped drain 24 is formed Within a grade N Well 22 that is 
formed Within a deep N Well 30. The gate 50 may be made of 
polysilicon or metals. 
A gate oxide ?lm 46 is formed on the heavily N doped 

source 14. The gate 50 is formed on the gate oxide ?lm 46 and 
laterally extends over a ?eld oxide layer 142 and onto a 
dielectric layer 148 stacked on the ?eld oxide layer 142. A 
plurality of ?oating ?eld plates 52 are disposed on the dielec 
tric layer 148 and ?eld oxide layer 142 betWeen the gate 50 
and the drain 24. These electrically ?oating ?eld plates 52 are 
used to disturb lateral electric ?eld When this ultra high volt 
age MOS device is in operation. Like the peripheral ?eld 
oxide layer 44, the ?eld oxide layer 142 is formed on the 
semiconductor substrate 10 betWeen the source 14 and drain 
24 using conventional local oxidation of silicon (LOCOS) 
technique. The ?eld oxide layer 142 has a thickness t1, rang 
ing betWeen about 5,000 and 6,000 angstroms. The present 
invention features the dielectric layer 148 having a thickness 
t2 stacked on the ?eld oxide layer 142. According to the 
preferred embodiment, the thickness t2 ranges betWeen 
10,000 and 15,000 angstroms, much thicker than the ?eld 
oxide layer 142. 

According to the preferred embodiment, the dielectric 
layer 148 is silicon oxide deposited by conventional chemical 
vapor deposition (CVD) methods. In some cases, the dielec 
tric layer 148 may be formed by ?rstly depositing a doped 
polysilicon layer over the ?eld oxide layer 142, folloWed by 
thermally oxidiZing the doped polysilicon layer. By doing 
this, the gate 50 is elevated While keeps the thickness of the 
underlying ?eld oxide layer 142 at an acceptable level, for 
example, 5,000 to 6,000 angstroms, Which is compatible With 
loW-voltage devices. The combined thickness of the ?eld 
oxide layer 142 and the dielectric layer 148 (tl +t2) may ranges 
betWeen 18,000 angstroms and 20,000 angstroms. In the pre 
ferred embodiment, the underlying ?eld oxide layer that is 
formed using LOCOS methods is denser than the CVD sili 
con oxide dielectric layer 148. 

Referring to FIG. 3, an ultra high voltage NMOS transistor 
device 200 according to another preferred embodiment of this 
invention is illustrated. The difference betWeen the previous 
preferred embodiment as depicted in FIG. 2 and the ultra high 
voltage NMOS transistor device 200 shoWn in FIG. 3 is that 
the dielectric layer 148 of the ultra high voltage NMOS tran 
sistor device 200 further comprises an etching stop layer 149 
such as silicon nitride layer. Furthermore, the dielectric layer 
148 may be made of loW-k (k<4.0) materials such as porous 
silicon dioxide. 

Referring to FIG. 4, an ultra high voltage NMOS transistor 
device 3 00 according to still another preferred embodiment of 
this invention is illustrated. The difference betWeen the pre 
vious preferred embodiment as depicted in FIG. 2 and the 
ultra high voltage NMOS transistor device 300 shoWn in FIG. 
4 is that the deep N Well 30 of the previous preferred embodi 
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4 
ment as depicted in FIG. 2 is noW replaced With an N type 
epitaxial silicon layer 32. The P Well 12 and the N Well are 
formed in the N type epitaxial silicon layer 32. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 

What is claimed is: 
1. An ultra high voltage metal-oxide-semiconductor 

(MOS) transistor device, comprising: 
a substrate of a ?rst conductivity type; 
a source region of a second conductivity type formed in the 

substrate; 
a ?rst doping region of the ?rst conductivity type formed in 

the substrate and bordering upon the source region; 
a ?rst ion Well of the ?rst conductivity type encompassing 

the source region and the ?rst doping region; 
a gate oxide layer formed on the source region and on the 

?rst ion Well; 
a ?eld oxide layer connected With the gate oxide layer and 

formed on a semiconductor region; 
a dielectric layer stacked on the ?eld oxide layer Without 

connecting With the gate oxide layer, Wherein all of the 
bottom surface of the dielectric layer contacts the ?eld 
oxide layer; 

a drain region of the second conductivity type formed at 
one side of the ?eld oxide layer and being spaced apart 
from the source region; 

a second ion Well of the second conductivity type encom 
passing the drain region; and 

a gate disposed on the gate oxide layer and laterally extend 
ing to the ?eld oxide layer and onto the dielectric layer. 

2. The ultra high voltage MOS transistor device according 
to claim 1 Wherein a plurality of ?oating ?eld plates are 
disposed on the dielectric layer and the ?eld oxide layer 
betWeen the gate and the drain region. 

3. The ultra high voltage MOS transistor device according 
to claim 1 Wherein the dielectric layer is a CVD dielectric 
layer. 

4. The ultra high voltage MOS transistor device according 
to claim 1 Wherein a third ion Well of the second conductivity 
type is formed in the substrate underneath the ?eld oxide layer 
and the third ion Well encompasses the second ion Well. 

5. The ultra high voltage MOS transistor device according 
to claim 1 Wherein the ?eld oxide layer has a ?rst thickness of 
about 5,000-6,000 angstroms. 

6. The ultra high voltage MOS transistor device according 
to claim 1 Wherein the dielectric layer has a second thickness 
of about 10,000-15,000 angstroms. 

7. The ultra high voltage MOS transistor device according 
to claim 1 Wherein the dielectric layer is a multi-layer and 
further comprises an etching stop layer. 

8. The ultra high voltage MOS transistor device according 
to claim 7 Wherein the etching stop layer is a silicon nitride 
layer. 

9. The ultra high voltage MOS transistor device according 
to claim 1 Wherein the ?eld oxide is denser than the dielectric 
layer. 

10. An ultra high voltage metal-oxide-semiconductor 
(MOS) transistor device, comprising: 

an epitaxial layer; 
a ?rst ion Well of a ?rst conductivity type formed in the 

epitaxial layer; 
a source region of a second conductivity type formed in the 

?rst ion Well; 
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a ?rst doping region of the ?rst conductivity type formed in 
the ?rst ion Well and bordering upon the source region; 

a gate oxide layer formed on the source region and on the 
?rst ion Well; 

a second ion Well of the second conductivity type formed in 
the epitaxial layer; 
a drain region of the second conductivity type formed in 

the second ion Well; 
a ?eld oxide layer connected With the gate oxide layer and 

being formed on the epitaxial layer betWeen the ?rst ion 
Well and the drain region; 

a dielectric layer stacked on the ?eld oxide layer Without 
connecting With the gate oxide layer, Wherein all of the 
bottom surface of the dielectric layer contacts the ?eld 
oxide layer; and 

a gate disposed on the gate oxide layer and laterally extend 
ing to the ?eld oxide layer and onto the dielectric layer. 

11. The ultra high voltage MOS transistor device according 
to claim 10 Wherein the epitaxial layer is of the second con 
ductivity type. 
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12. The ultra high voltage MOS transistor device according 

to claim 10 Wherein a plurality of ?oating ?eld plates are 
disposed on the dielectric layer and the ?eld oxide layer 
betWeen the gate and the drain region. 

13. The ultra high voltage MOS transistor device according 
to claim 10 Wherein the dielectric layer is a CVD dielectric 
layer. 

14. The ultra high voltage MOS transistor device according 
to claim 10 Wherein the ?eld oxide layer has a ?rst thickness 
of about 5,000-6,000 angstroms. 

15. The ultra high voltage MOS transistor device according 
to claim 1 0 Wherein the dielectric layer has a second thickness 
of about 10,000-1 5,000 angstroms. 

1 6. The ultra high voltage MOS transistor device according 
to claim 10 Wherein the gate is made of polysilicon. 

17. The ultra high voltage MOS transistor device according 
to claim 10 Wherein the gate is metal gate. 

18. The ultra high voltage MOS transistor device according 
to claim 10 Wherein the ?eld oxide is denser than the dielec 
tric layer. 


